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
$EVWUDFW²([SHULPHQWDO UHVXOWV IURP WKH RSHUDWLRQ RI DQ
HOHFWURQ EHDP GULYHQ PPZDYHYDFXXPHOHFWURQLF VRXUFHDUH
UHSRUWHG7KHDLPRI WKLVZRUN LV WR FUHDWH LPSURYHGHOHFWURQ
EHDPGULYHQYDFXXPHOHFWURQLFPPZDYHDQGVXE7+]VRXUFHV
E\ H[SORLWLQJ GLVSHUVLRQHQJLQHHULQJ 'LVSHUVLRQHQJLQHHUHG
VWUXFWXUHV FDQ EH PDQXIDFWXUHG E\ VHYHUDO WHFKQLTXHV DQG LQ
WKLV ZRUN DGGLWLYH PDQXIDFWXULQJ KDV SURYHQ WR EH TXLFN
UHOLDEOHDQGFRVWHIIHFWLYH

.H\ZRUGV ² :EDQG VRXUFH PPZDYH VRXUFH DGGLWLYH
PDQXIDFWXULQJSHULRGLFVWUXFWXUHV
, ,1752'8&7,21

6PDUWGLVSHUVLRQHQJLQHHULQJ LVKDYLQJDSRVLWLYH LPSDFWRQ
PPZDYH VRXUFH UHVHDUFK OHDGLQJ WR LPSURYHG KLJKSRZHU
FRKHUHQW VRXUFHV >@  7ZR GLPHQVLRQDO SHULRGLF VXUIDFH
ODWWLFHV36/V>@FDQEHFUHDWHGE\PDQXIDFWXULQJVKDOORZ
SHULRGLF SHUWXUEDWLRQV RQ WKH LQQHU VXUIDFH RI D KROORZ
HOHFWULFDOO\ FRQGXFWLQJF\OLQGHU6XFK'36/VFDQEHXVHG
IRU VHYHUDO DSSOLFDWLRQV H[SORLWLQJ GLIIHUHQW SK\VLFDO
SKHQRPHQD$GLVSHUVLRQUHODWLRQGHVFULELQJWKHFRXSOLQJRI
WKHYROXPHDQGVXUIDFHILHOGVLQVLGHD'36/RIF\OLQGULFDO
WRSRORJ\ ZDV GHULYHG E\ .RQRSOHY HW DO >@ 8QGHU FHUWDLQ
FRQGLWLRQV ZKHQ GULYHQ E\ D VXLWDEOH HOHFWURQ EHDP WKLV
SURYLGHV D FRKHUHQW VRXUFH RI HOHFWURPDJQHWLF UDGLDWLRQ
7KHVHF\OLQGULFDO'36/VVKRZVLJQLILFDQWSRWHQWLDOIRUXVH
LQHOHFWURQEHDPGULYHQKLJKSRZHUFRKHUHQWVRXUFHV>@

7KH F\OLQGULFDO 36/ VWUXFWXUHV QHHG WR EH FRPSDWLEOH ZLWK
YDFXXPFRQGLWLRQV DQG WKHXVHRI HQHUJHWLF HOHFWURQEHDPV
ZKLOHDOVRSURYLGLQJWKHUHTXLUHGERXQGDU\FRQGLWLRQVIRUWKH
HOHFWURPDJQHWLF ILHOGV  0DQXIDFWXULQJ WKH F\OLQGULFDO 36/V
RXW RI D VXLWDEOH PHWDO XVXDOO\ SURYLGHV D JRRG YDFXXP
HQYHORSH DQG WKH HOHFWULFDO FRQGXFWLYLW\ DOORZV HOHFWULFDO
FKDUJHV LPSDFWLQJRQ WKH VXUIDFHV WREH FRQGXFWHG DZD\ $
WHFKQLTXH WKDWZHKDYHSUHYLRXVO\HPSOR\HG WRPDQXIDFWXUH
GLVSHUVLRQHQJLQHHUHG VWUXFWXUHV LQYROYHV PLOOLQJ VLQXVRLGDO
SHUWXUEDWLRQVRQ WKHRXWHUZDOORIDQ DOXPLQLXPIRUPHUDQG
WKHQ HOHFWURGHSRVLWLQJ FRSSHU GLUHFWO\ RQWR WKH VXUIDFH 7KH
DOXPLQLXP ZDV WKHQ GLVVROYHG LQ D VWURQJ DONDOLQH VROXWLRQ
OHDYLQJ WKH FRSSHU VWUXFWXUH ZLWK WKH SHUWXUEDWLRQV RQ WKH
LQQHUVXUIDFH+RZHYHUIRUWKHVRXUFHUHSRUWHGKHUHDGGLWLYH
PDQXIDFWXULQJ RU ' SULQWLQJ >@ KDV EHHQ XVHG IRU WKH
FRQVWUXFWLRQRIWKHF\OLQGULFDO36/



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
7KH 36/ WR EH XVHG LQ WKH µKRW¶ H[SHULPHQW ZDV
FRQVWUXFWHGXVLQJDKLJK UHVROXWLRQ'SULQWLQJSURFHVV WKDW
LQFOXGHG WKH LQMHFWLRQ PRXOGLQJRI D VLOYHU FKURPLXP DOOR\
' SULQWLQJ RULJLQDOO\ GHYHORSHG LQ WKH PLG ¶V RIIHUV
WKHSRVVLELOLW\RISURGXFLQJREMHFWV WKDW KDYH UHVROXWLRQVRQ
WKH¶VRIPLFURQVVFDOH'SULQWLQJLVDQDGGLWLYHSURFHVV
E\ ZKLFK FRQVHFXWLYH OD\HUV LQ WKH [] SODQH DUH GHSRVLWHG
VHTXHQWLDOO\ LQ WKHYH \GLUHFWLRQ XSZDUGV UHVXOWLQJ LQ D
KLJKUHVROXWLRQDSSUR[LPDWHO\PLFURQVZD[PRGHOWKDW
LVWKHQXVHGLQDFDVWLQJSURFHVVWKDWXOWLPDWHO\UHVXOWVLQWKH
VLOYHU DOOR\  WR  *+] ' 36/ VHHQ LQ )LJ  7KH
SULQWLQJ SURFHVV IROORZV WKH SDWWHUQ LQ D JLYHQ &$' LQSXW
ILOH XVXDOO\ LQ WKH 67/ 6HUHROLWKRJUDSK ILOH IRUPDW ZKHUH
HYHU\ IDFH LV EXLOW IURP D VHULHV RI LQWHUFRQQHFWHG WULDQJOHV
UHSUHVHQWHG E\  VHSDUDWH ELW IORDWLQJSRLQW &DUWHVLDQ
FRRUGLQDWHV 0RUH RIWHQ QRZ WKH QHZ ;' ILOH IRUPDW LV
LPSOHPHQWHG ZKLFK LQFRUSRUDWHV WKH ;0/ SURJUDPPLQJ
LQWHUIDFHDQGIXUWKHUHQKDQFHPHQWVRYHULWVSUHGHFHVVRUV7KH
GHVLJQ LV VOLFHG LQWR GLJLWDO OD\HUV VR WKDW WKDW D FXUYH LV
µDSSUR[LPDWHG¶ E\ PDQ\ VTXDUHVLGHG VOLFHV ZLWK WKH
WKLFNQHVV RI HDFK OD\HU UHSUHVHQWLQJ WKH UHVROXWLRQ RI WKDW
SDUWLFXODU ' SULQWLQJ SURFHVV )LJ D GHPRQVWUDWHV WKH
UHVXOW RI WKH ' SULQWLQJ SURFHVV ZLWK D FRPSOHWH ' 36/
PDGH IURP D VLOYHU DOOR\ RI $J     DQG &X   
)LJ D LV D SKRWRJUDSK RI D F\OLQGULFDO VLOYHUFKURPLXP
DOOR\ ' SHULRGLF VXUIDFH ODWWLFH FDVW XVLQJ WKH SULPDU\
PDQGUHO FUHDWHG E\ DGGLWLYH PDQXIDFWXULQJ 7KH YLUWXDO
VFKHPDWLFRIWKHPDQGUHOLVVHHQLQ)LJEZKLFKVKRZVWKH
UHOHYDQW GLPHQVLRQDO SDUDPHWHUV 7KH GLPHQVLRQDO HUURUV
DFKLHYDEOH ZLWK ' SULQWLQJ DUH SURMHFWHG WR GHFUHDVH RYHU
WLPHDVWKHWHFKQRORJ\GHYHORSV
                Ȝ
D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E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
)LJ  D ,QWHUDFWLRQ VWUXFWXUH FRQVLVWLQJ RI D F\OLQGULFDO VLOYHUFKURPLXP
DOOR\ ' SHULRGLF VXUIDFH ODWWLFH E &\OLQGULFDO &$' YLUWXDO PDQGUHO WKDW
ZKHQ FRQVWUXFWHG XVLQJ DGGLWLYH PDQXIDFWXULQJ SURYLGHG WKH PROG IRU
FDVWLQJWKHF\OLQGULFDO'36/


0HDVXUHPHQWRIN:RXWSXWIURPD:EDQG
VRXUFHFRQVWUXFWHGE\DGGLWLYHPDQXIDFWXULQJ

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
)LJVKRZVDVFKHPDWLFRIWKHH[SHULPHQWDOFRQILJXUDWLRQRI
WKH LQWHUDFWLRQ UHJLRQ ZLWK WKH HOHFWURQ EHDP SDVVLQJ
WKURXJK WKH F\OLQGULFDO 36/ DQG WKH SDUDPHWHUV RI WKH 36/
DUH VKRZQ LQ 7DEOH  ,GHDOO\ DQ DQQXODU HOHFWURQ EHDP
SRVLWLRQHG DW D UDGLXV FORVH WR WKH SHULRGLF ODWWLFH VWUXFWXUH
VKRXOG EH XVHG >@ $ SKRWRJUDSK RI WKH FRPSOHWH
DVVHPEOHGH[SHULPHQWDOV\VWHPLVVKRZQLQ)LJ

 

)LJ&RQILJXUDWLRQRIWKHF\OLQGULFDOSHULRGLFVXUIDFHODWWLFHDQGDQQXODU
HOHFWURQEHDPJXLGHGE\WKHVROHQRLGDOPDJQHWLFILHOG
3DUDPHWHU 6\PERO 9DOXH
/RQJLWXGLQDO3HULRG G] PP
$]LPXWKDO9DULDWLRQV P 
1XPEHURI/RQJLWXGLQDO
3HULRGV Q 
$PSOLWXGH GU PP
$PSOLWXGH3HDNWR3HDN GUSNSN PP
,QQHU5DGLXVRILQSXWDQG
RXWSXWZDYHJXLGH U PP
0LQLPXPUDGLXVRI
SHUWXUEDWLRQ,' UPLQ PP
0HDQUDGLXV U PP
0D[LPXPUDGLXVRI
SHUWXUEDWLRQ2' UPD[ PP

7DEOH7KHSDUDPHWHUVRIWKH'F\OLQGULFDO36/VWUXFWXUH



)LJ  7KH FRPSOHWH DVVHPEOHG H[SHULPHQWDO V\VWHP XVHG IRU WKH
PHDVXUHPHQWVRIWKHPLOOLPHWUHZDYHRXWSXW

0HDVXUHPHQWV RI WKH YROWDJH DQG FXUUHQW ZDYHIRUPV RI WKH
HOHFWURQEHDPDUHVKRZQLQ)LJ7RPHDVXUHWKHDPSOLWXGH
RIWKHRXWSXWUDGLDWLRQILHOGIURPWKHVRXUFHD:EDQGWR
*+])ODQQUHFWLI\LQJFU\VWDOGHWHFWRUZLWKDURWDU\YDQH
:EDQGDWWHQXDWRUDQG)ODQQG%KRUQ ZHUHXVHG ORFDWHG
DWDGLVWDQFHRIPIURPWKHRXWSXWZLQGRZ&XWRIIILOWHUV
ZHUH LQ WKH IRUP RI GLIIHUHQW GLDPHWHU KROORZ F\OLQGULFDO
ZDYHJXLGHV VLWXDWHG EHWZHHQ WKH UHFHLYLQJ KRUQ DQG WKH
GHWHFWRU 7KH RXWSXW UDGLDWLRQ IURP WKLV RVFLOODWRU PHDVXUHG
WKURXJKWKHVHULHVRIKLJKSDVVILOWHUVLVVKRZQLQ)LJ

)LJ3XOVHGYROWDJHDQGFXUUHQWZDYHIRUPV



)LJ0HDVXUHGPPZDYHRXWSXWDIWHUSDVVLQJWKURXJKDVHULHVRIKLJK
SDVVILOWHUV

,QWKHILUVWH[SHULPHQWDOPHDVXUHPHQWVRIWKHRXWSXWUDGLDWLRQ
IURP WKLVRVFLOODWRU WKH IUHTXHQF\ GHWHUPLQHGXVLQJ WKH VHW
RIFXWRIIILOWHUVZDVIRXQGWREHLQWKHUDQJHWR*+]
7KH SHDN RXWSXW SRZHU KDV EHHQ PHDVXUHG DV aN:  ,Q
IXWXUHZRUNLWLVSURSRVHGWRPDNHDPRUHSUHFLVHIUHTXHQF\
PHDVXUHPHQWXVLQJDORFDORVFLOODWRUDQGFRQYHQWLRQDOPL[HU
WHFKQLTXH ,Q WKLV LQLWLDO H[SHULPHQW LW LV UHFRJQL]HG WKDW WKH
DPSOLWXGHRIWKHSHUWXUEDWLRQVHPSOR\HGLVPXFKODUJHUWKDQ
WKH DPSOLWXGH FRUUHVSRQGLQJ WR WKH GHVFULSWLRQ ³VKDOORZ
SHUWXUEDWLRQV´ ,W LV SURSRVHG WR XVH D UDQJH RI VPDOOHU
DPSOLWXGH SHUWXUEDWLRQV LQ IXWXUH H[SHULPHQWV  $OVR LW LV
SODQQHGWRLPSURYH WKHHOHFWURQEHDPWUDQVSRUWDQGHOHFWURQ
EHDP UDGLDO SRVLWLRQ WR SURYLGH D PXFK KLJKHU HOHFWURQLF
HIILFLHQF\WKDQWKHUHODWLYHO\ORZaHIILFLHQF\REVHUYHGLQ
WKHVHLQLWLDOH[SHULPHQWDOPHDVXUHPHQWV

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
&\OLQGULFDO ' 36/ VWUXFWXUHV IRU DQ HOHFWURQEHDPGULYHQ
PPZDYHRVFLOODWRUKDYHEHHQVXFFHVVIXOO\SURWRW\SHGXVLQJ
DGGLWLYH PDQXIDFWXULQJ WR FUHDWH WKH SULPDU\ PROG 7KLV
DGGLWLYH PDQXIDFWXULQJ PHWKRG WKDW KDV DOUHDG\ EHHQ
VXFFHVVIXOO\ XVHG E\ RWKHUV LQ ORZHU IUHTXHQF\ PLFURZDYH
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
VRXUFHV >@ KDV EHHQ VKRZQ LQ UHFHQWO\ UHSRUWHG ZRUN E\
3KLSSV HW DO >@ DQG LQ RXU SUHVHQW ZRUN WR EH FDSDEOH RI
SURWRW\SLQJ GLVSHUVLYH VWUXFWXUHV DQG FRPSOH[ FRPSRQHQWV
IRUVRXUFHV LQ WKH:EDQGPPZDYHUDQJH$WSUHVHQW WKH
UHVROXWLRQ REWDLQDEOH ZLWK DGGLWLYH PDQXIDFWXULQJ SUREDEO\
OLPLWV WKH XSSHU IUHTXHQF\ DFKLHYDEOH WR DSSUR[LPDWHO\ WKH
IUHTXHQF\ RI WKH H[SHULPHQWDO PPZDYH VRXUFH UHSRUWHG
KHUH$OWKRXJKPXFKRIWKHUHGXFHGH[SHULPHQWDOO\REVHUYHG
HIILFLHQF\ LQ WKH SUHVHQW GHYLFH LV GXH WR WKH HOHFWURQ EHDP
UDGLDO SURILOH QRW DFKLHYLQJ WKH LGHDO SURILOH XVHG LQ
QXPHULFDO VLPXODWLRQV VRPH RI WKH ORZHUHG HIILFLHQF\ LV
FRQVLGHUHGWREHGXHWRWKHOLPLWHGSUHFLVLRQZLWKZKLFKWKH
SHULRGLF VWUXFWXUHV FDQ EH FRQVWUXFWHG XVLQJ DGGLWLYH
PDQXIDFWXULQJ ,I LQ IXWXUH WKH UHVROXWLRQ REWDLQDEOH ZLWK
WKLV PDQXIDFWXULQJ WHFKQLTXH LPSURYHV FRUUHVSRQGLQJO\
KLJKHU IUHTXHQF\ VRXUFHV FRXOG EH FRQVWUXFWHG XVLQJ WKLV
PDQXIDFWXULQJPHWKRG
$&.12:/('*0(17
$ODQ 5 3KLSSV DQG $P\ - 0DF/DFKODQ WKDQN WKH (365&
IRU VXSSRUWLQJ WKHLU SRVWJUDGXDWH VWXGHQWVKLSV ' %DUFOD\
SURYLGHGYDOXDEOHWHFKQLFDODVVLVWDQFH

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0 7KXPP ([FLWDWLRQ RI VXUIDFH ILHOG FDYLW\ DQG FRKHUHQFH RI
HOHFWURPDJQHWLF ILHOG VFDWWHULQJ RQ WZRGLPHQVLRQDO F\OLQGULFDO ODWWLFH
$SSO3K\V/HWWYRO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GLVSHUVLRQ DQDO\VLV DQG H[SHULPHQW´ $SSO 3K\V /HWW YRO  
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